An electrophoretic survey of anthocyanins in flowers of 81 species belonging to 27 plant families indicated that malonated or similarly substituted zwitterionic anthocyanins occur in half the sample. In particular, almost all species surveyed in the Compositae and the Labiatae were positive. The same results were also indicated by HPLC separations. Detailed examination of the anthocyanins of Dahlia variabilis and Plectranthus argentatus confirmed the presence of malonylation through glucose. It appears that anthocyanins substituted by aliphatic dicarboxylic acids may be widespread in the angiosperms.
Introduction
Until recently, anthocyanins containing acyl sub stitution were recorded in a small num ber of plant families and the acyl group present was usually an arom atic organic acid, such as p-coum aric, or acetic acid [1, 2] . However, there have been several recent reports of m alonated anthocyanins, e.g. of pelargonidin 3-malonylsophoroside in flowers of Papaver nudicaule [3] and of cyanidin 3-(6-malonylglucoside) in leaves of C ichorium intybus [4] , More significant ly, Japanese workers investigating anthocyanins re sponsible for blue flower colour in Com m elina co m m u n is and Centaurea cyanus, discovered the pig ments to have malonic and succinic acids respective ly, w here previous investigations had failed to show such acylation to be present [5, 6] . Such acyl groups are labile in solutions containing mineral acid, so that in the standard procedures for extracting anthocy anins from plant tissues which use m ethanolic HC1, these substituents are likely to be lost. Only by using alcoholic solvents where the HC1 is replaced by ace tic or form ic acids is it possible to isolate the pig ments with the dicarboxylic acid substituents intact.
M alonated derivatives have been described among other flavonoids; e.g. m alonated flavone glycosides occur in Petroselinum crispum plant and cell culture extracts [7] and m alonated isoflavone glycosides have recently been reported in Cicer arietinum roots and stems [8] . In almost all cases, malonic acid is linked through sugar and commonly is attached to the 6-position of glucose. In the case of flavones and isoflavones, the attachm ent of malonic acid confers a R eprint requests to J.B . H arborne.
V erlag de r Zeitschrift für N aturforschung, D-7400 T übingen 0341-0382/85/0500-0305 $ 01.30/0 negative charge on the molecule and this may be im portant to the way the com pound is stored in the vacuole or in protecting the glycoside from enzymic hydrolysis by glycosidases. In the case of anthocy anins, malonylation balances the cationic charge on the flavylium ion, so that the m alonated anthocyanin is effectively a zwitterion. Thus, the need to assume that anthocyanins occur in the cell vacuole in loose ionic association with organic acids, as suggested in the earlier literature, is rem oved for such pigments.
Because of their lability, such zwitterionic an thocyanins might well have been overlooked in ear lier studies. We therefore set out to investigate w hether malonylation or similar acylation might not occur quite widely among the anthocyanins of the angiosperms.
Results
The observation of Cornuz et al. [3] that the m alo nated pelargonidin 3-sophoroside of Papaver nudicaule could be distinguished from the related nonacylated pigm ent by its mobility on paper elec trophoresis at pH 4.4 provided us with a simple gen eral screening procedure for such pigments. We found that at this pH anthocyanin colours tend to fade rapidly, so that after developm ent, we dipped the papers briefly in 1% HC1 in order to stabilize the colour. Using an extraction medium based on aque ous m ethanolic acetic acid, we surveyed the flower tissues of some 81 species and obtained positive re sults in 40 samples (Table I) .
These results considerably extend earlier records of m alonated anthocyanins in plants. O f the 27 angiosperm families surveyed, positive records were m ade in 10. In fact, the num ber of families contain- 
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- ing m alonated anthocyanins is higher than this, since such pigments have been recorded in individual species of the Com m elinaceae [5] , Leguminosae [9] and Papaveraceae [3] . In some families such as the Legum inosae (see Table I ) m alonated anthocyanins may be relatively rare, but in others, such as the Com positae and Labiatae, m alonated anthocyanins appear to be alm ost universal. The regular occurr ence (Table I ) of m alonated pigments in the Labiatae is a little surprising since the anthocyanins in this family are usually acylated with hydroxycinnamic acids; clearly malonylation can occur irrespec tive of any oth er type of acylation present. In order to confirm these findings, detailed studies were made on the anthocyanins in a representative species of the Com positae, in D ahlia variabilis, and of the L abiatae, in Plectranthus argentatus. In the case of D ahlia, earlier investigations have establish ed the presence of pelargonidin 3,5-diglucoside (pelargonin) and cyanidin 3,5-diglucoside variously in garden form s [1, 2\. Extraction under mild condi tions of the m ajor pelargonidin derivative from pet als of a scarlet form of D. variabilis gave an acylated pigm ent, different in Rf from pelargonin (see Ex perim ental). On mild hydrolysis, it gave pelargonin while on com plete hydrolysis, it gave pelargonidin and glucose. Confirm ation of the presence of a malonyl group was obtained by H 20 2 oxidation, which gave a malonylglucose, liberated from the 3-position, which co-chrom atographed in 4 solvents with authentic 6-malonylglucose, prepared similarly from the cyanidin 3-malonylglucoside of chicory leaves. The original D ahlia pigment can thus be for m ulated as pelargonidin 3-(6-malonylglucoside)-5-glucoside, which has not been described before. Similar studies on the zwitterionic leaf pigment of P lectranthus argentatus showed the presence of peonidin 3,5-diglucoside, substituted with both malonic and /?-coumaric acids.
H PLC was also used to confirm the acylated na ture of these pigments. Using a C8 column and gra dient elution with aqueous m ethanolic acetic acid mixtures, m alonated pigments consistently eluted la ter than the corresponding unacylated anthocyanins (Table II) . A ttem pts to use H PLC for direct screen ing of plant extracts for these pigments have not so far been successful, but the use of ion-exchange col umns may m ake this possible. It was of interest that a flower extract containing a m alonated pigment, when placed on an ion exchange column (Am berlite IR C 50), was not retained in the usual way [11] , but passed straight through.
Discussion
These results together indicate that anthocyanins substituted with aliphatic dicarboxylic acids may be quite widespread in nature, particularly among the m ore highly evolved angiosperm families. Of the known organic acids, malonic would seem to be the most com m on, since it has been reported most fre quently. H ow ever, succinic acid has been reported as the acylating acid in the Centaurea anthocyanin [6] and it is possible that other aliphatic dicarboxylic acids will be found as well.
The present studies were conducted mainly on flower pigments but there is little doubt that m alo nated pigments occur in other parts of the plant as well. W here pigm entation is found in both leaf and flower, it is likely that m alonated anthocyanins will be found in both parts. This is true in the chicory, C ichorium intybus, w here cyanidin 3-(6-malonylglucoside) has already been identified in varieties with reddish leaves [4] . O ur prelim inary examination of the delphinidin derivative of the blue flowers indi cates that it is a mixture of mono-and dimalonated delphinidin 3,5-diglucoside and not delphin, as previ ously recorded [10] .
The present data do now indicate the need to check for the presence of malonyl groups in any m odern investigation of plant anthocyanins. This can be done using a weak acid extraction medium and [3] .
The peonidin 3,5-diglucoside acylated with b o th pcoumaric and malonic acids from red leaves of Plectranthus argentatus had the following Rfs (x 100) (dip-coum aroylpeonidin 3,5-diglucoside values in parentheses) in BAW 55 (63), in BuHCl 47 (43), in 1% HC1 12 (12) and in HO A c-H Cl 58 (59). The spectral properties, X,ma?HHC1 282, 315 ( £ 315/E max 84% ), 440 (£W£max 15%), 528 nm indicated disub stitution w ithp-coum aric acid and on acid hydrolysis, p-coum aric, acid, peonidin and glucose were readily detected. Deacylation with alkali gave peonidin 3,5-diglucoside. H 20 2 oxidation gave 6-malonylglucose, identified as above. These results suggest that the p-coum aroyl groups are attached to the 5-glucose residue, while the malonyl group is present on the 3-glucose.
